We present a novel family of optical codes to be used in intra-satellite optical wireless networks. They are Random Optical Codes (ROCs). This family is specially adapted for optical networks where the number of channels varies, ever large, low bit rate requirements, energy limitations and packed data are present. For example sensor networks have these requirements. The implementation in an intra-spacecraft Telecommand and Telemeasurement (TC/TM) optical wireless network is also described. Besides we propose a method for the comparison between ROCs and Generalized Optical Orthogonal Codes (OOCs). A decision between both family based on the performance for a particular set of parameters is given by the method. An application of the method is also provided. We have compared the families in the intra-spacecraft optical wireless network.
INTRODUCTION
In this paper we study optical codes for intra-satellite optical wireless networks. In particular we have focused on networks of sensors. The large number of users, simplicity of the implementation, number of channel adaptation and low duty cycle is a must in these applications. The asynchronous access and burst-like traffic requirement, besides no scheduling communication capability appointed Optical Code-Division Multiple-Access (OCDMA) as the best solution. Incoherent, intensity encoding/decoding techniques have been commonly implemented in Optical Code-Division Multiple-Access (OCDMA) systems. Signature sequences have been widely used, as Optical Orthogonal Codes (OOCs) [1] , [2] , prime sequences [3] and 2 n codes [4] . An important step in OOCs evolution was the analysis of the performance for Generalized OOCs [5] . OOCs with any correlation value were considered. Furthermore the optimal parameters were found based on the exact probability of error.
Following the unrestricted correlation idea, another family of signature sequences was recently proposed: ROCs [6] . This method proposes a random selection of w pulse positions out of L possible slots for each code. This simple solution comply with aforementioned requirements. Not only a huge cardinality, but an easy implementation is provided by this family. Note that the implementation could be easily resolved by a pseudorandom number generator in emitter and receiver or by a randomly-built predefined table. Moreover, by construction any set of codes can be found whatever the parameter were. This fact permits achieving the theoretical optimum probability of error in any case. Notice that the construction of Generalized OOCs is not a trivial problem for some demanded set of parameters.
The procedures to optimize the system are described in section 2. The comparison between the optimal sets of parameters for Generalized OOCs and ROCs used in OCDMA is shown in section 3. An example of a system where Random Optical Codes have been used is described in section 4. This application shows how useful is the comparison presented in section 3.
OPTIMIZATION
The model considered for comparison is the same than in [5] . Therefore it is an on-off keying (OOK) OCDMA system with asynchronous incoherent additives channels.
The parameters of the model are the length of the code (L), the weight (w) and the number of users in the model (N + 1).
The performance of the model is described by the following expressions for the probability of error (Pe). It is a function of the parameters aforementioned.
• Generalized OOCs [5] :
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• ROCs:
The calculation of (2) is based on (1) as described in [6] . In order to validate the expression, some simulations are presented in Fig. 1 .
Fig. 1. Theoretical probability of error for the optimum w versus the number of users as a function of code length. Simulation results are dotted.
Simulation results of ROCs performance are shown in Fig. 1 . Theoretical curves and simulation results are very similar for the codes tested. Thus, (2) is considered validated. Optimization algorithm used for Generalized OOCs is detailed in [5] . The optimization of the parameters for system using ROCs is deeply studied in [6] . In short, it is a numerical search of the lower w reaching the minimum probability of error for a given L and N.
COMPARISON
A comparison between both optimizations described above is present in this Section. The optimizations have been computed for codes shorter than 1000 and system supporting up to 100users.
Notice that P e is an L and N function. This fact allows the plotting of the contour levels of P e for Generalized OOCs (solid lines) and for ROCs (dashed lines) in Fig. 2 .
Fig. 2. Contour levels of log10(P e ). They are function of L and N. Solid lines represent Generalized OOCs and dashes lines represent ROCs.
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Results observed in Fig. 2 , Generalized OOCs are better choice for codes shorter than L = 200. However ROCs take advantage in longer codes. An other interesting case is when P e = 10 −10 ; Generalized OOCs is the desirable choice for any L represented in Fig. 3 . However the trend observed indicates the opposite prediction in codes longer than 1000.
Fig. 3. Contour levels of the L. They are function of Pe and N. Solid lines represent Generalized OOCs and dashes lines represent ROCs.
A different approach for the comparison is shown in Fig 3. Not only the contour levels of L are plotted as P e and N function, but the curve when both codes have the same length for P e and N given. The frontier between Generalized OOCs and ROCs optimum selection is indicated with this dotted curve. Finally, the last approach is shown in Fig. 4 . In this case the goal is obtaining the higher bit rate (i.e. lower L). For example the ROCs, when N = 80, are faster than Generalized OOCs, because for a given P e value the length of ROCs is lower than Generalized OOCs. However, when no more than 10 users are necessary, the system using Generalized OOCs take advantage for any P e value. In general a system using ROCs is the best when either L or N is large.
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APPLICATIONS AND EXAMPLES
For any given design constrains we offer some tools for selecting the best coding method. For example if a system supporting at least 50 users and P e < 10 −6 is required, the best method is ROCs, Fig. 4 . An other typical requirement is a system transmitting at a given bit rate. This means assuming fixed L, e.g. L = 600. Also, the system should provide at least P e = 10−6. Decision is taken based on Fig. 3 . The system using ROCs supports a few more users than a Generalized OOCs system. Thus, this is the ROCs' advantage.
The following application provides an example where choosing the best family of codes for an OCDMA system is necessary. It is an intra-spacecraft Telecommand and Telemeasurement (TC/TM) optical wireless network. The On Board Computer (OBC) is communicating with 25 terminals. The terminals include sensors and/or actuators thus the bit rate transmission could be low; actually 1 kb/s per channel is the requirement. We are using two channels per station (for upward and downward links), hence N = 49. An schema of the system is shown in Fig. 5 .
Other constraining parameter is the probability of error. In this system it should be P e ≤ 10 −7 . In Fig. 3 a length of 900 is found for ROCs. Figure 4 shows that for this particular application ROCs provide a faster system.
In order to get the bit rate requested i.e. 1 kb/s, a chip period of 1.1 µs is assigned. Fig. 5 . Schema of the system.
CONCLUSION
We have shown the application of optical codes in an intra-satellite optical wireless network. In particular the use of a novel family of codes (ROCs) in this scenario is presented. Moreover, the comparison between Generalized OOCs and ROCs used in OCDMA has been developed by three different approaches, attending respectively the parameters Pe, L and N. Generalized OOCs keep the advantage over ROCs in systems with lower number of users. However in systems supporting many users, the ROCs present better features. Also, this also happens when long codes are required. The comparison presented in this paper provides the designers with tools for decision between Generalized OOCs and ROCs in any specific case.
We find ROCs as an interesting family of optical codes to be used in optical wireless networks. Huge cardinality, adaptability to the system requirements, flexible duty cycle and acceptable performance are its features.
